Objective: Metabolic syndrome (MetS) is associated with hypertension, obesity and dyslipidemia. Thus, genetic variants related with these conditions may modulate its development. We evaluated the effect of polymorphisms in the renin-angiotensin system (RAS) on metabolic syndrome risk in a cohort of Chilean subjects. Subjects and methods: A total of 152 subjects, 83 with MetS (51.2 ± 9.6 years) and 69 without MetS (49.5 ± 9.3 years) of both genders were included, according to the ATP III update criteria. The rs4340 Insertion/Deletion (I/D), rs699 (T>C) and rs5186 (A>C) of the ACE, AGT and AGTR1 genes, respectively, were genotyped. Results: After adjusting for age and gender, we observed the DD genotype of rs4340 associated with MetS (p = 0.02). Specifically, the DD genotype was associated with MetS risk in women (OR = 4.62, 95%CI, 1.41 -15.04; p < 0.01). In males, the AA genotype for rs5186 variant was associated with an increased risk for developing MetS when compared with women carrying the same genotype (OR = 3.2; 95%CI, 1.03 -9.89; p = 0.04). In subjects without MetS, DD genotype was associated with increased waist circumference (p = 0.023) while subjects with MetS carrying the rs5186 TT genotype showed higher levels of HDL-cholesterol (p = 0.031). Conclusion: The present study contributes data highlighting the role for RAS polymorphisms in predisposing to metabolic syndrome in Chilean subjects.
INTRODUCTION
T he Renin-Angiotensin System (RAS) is related to the regulation of the corporal compartment volume, arterial pressure levels and kidney blood flow. However, this system is complex, and its functions are widely distributed in different tissues of our body which are currently not fully understood.
RAS polymorphisms have been widely studied in diverse populations. Although contradictory information exists, many authors relate them to various pathological conditions, apparently modulating the development of diseases like hypertension, chronic kidney disease, myocardial infarction and diabetes complications (1, 2) .
In the last years, the study of tissue RAS regulation sustained that this system can be a fundamental participant in metabolic processes and could explain the origin and complications of some metabolic disorders, such as Metabolic Syndrome (MetS) (3) . MetS is a condition in which obesity and insulin resistance play major roles for its development, and the presence of this syndrome has been associated with a 2-fold increase in cardiovascular disease risk, and 5-fold increase in diabetes mellitus risk (4) . Clinical definition of MetS corresponds to a consequence of the interaction between factors like central obesity, hyperglycemia, dyslipidemia and hypertension; however, this doesn't consider the influence of sex on the pathophysiology and clinical expression of this condition (5) . In Chile, the National Health Survey 2009-2010 showed a high 35.3% prevalence (to define MetS, the ATPIII update criteria was used, considering waist cutoffs validated for Chile), being highest in men (41.6% vs 30.9%) and increasing with age. However, at 65 years old the prevalence is equal in both men and women (53.0% vs 50.7%) (6) . In the United States a similar behavior was observed; however, a significant increase in prevalence also occurred among younger women (7) .
Reports about the relationship between RAS polymorphisms, particularly the rs4340, and MetS are few, and in some cases contradictory. As an example, in Chinese population Thomas and cols. pointed out an association between Insertion (I) allele with metabolic syndrome (8) . On the other hand, Lee and Tsai, who studied diabetic individuals with and without MetS associated the Deletion (D) allele to MetS in patients with type 2 diabetes mellitus (DM2), and specifically with dyslipidemia, albuminuria and higher serum triglycerides levels (9) . Complementarily, Yang and cols., also in Chinese population demonstrated that interactions among RAS-related genes -particularly between AGT and ACE -were associated with DM2 (10) . Reports from other populations are not so different. In Mexican population an association between DD genotype with MetS was identified, opposite to Polish population who do not show associations with insulin resistance, intensity of MetS or HOMA rate (11, 12) .
Another relevant polymorphism in the MetS context is rs699 (M235T). This variant was described by Procopciuc and cols. as a conditioning factor for MetS due to the combination of the CC genotype (TT235) with DD of ACE, or CC+AC rs5186 (A1166C) genotypes increase the risk for developing MetS (13) .
One of the most studied RAS-related polymorphisms is the A1166C variant (rs5186). This is a SNP located in the 3-untranslated region (3-UTR) of the angiotensin II receptor type 1 gene (AGTR1), which is also known as AT2R1 or AT1R, corresponding to adenine (A) to cytosine (C) transversion at position 1166 (14) . At present, abundant data extensively implicates the AGTR1 rs5186 SNP as a risk factor for hypertension (14) (15) (16) (17) (18) .
As aforementioned, the influence of rs4340 (I/D ACE), rs699 and rs5186 polymorphisms in MetS remain unclear, and currently in Chile, the study of these variants is limited, existing few published articles which only evaluate the rs4340 variant and its relation with hypertension, cardiac structure and plasma neutral endopeptidase activity (19) (20) (21) . Since Chilean population carries a different ethnical background, incorporating diverse proportions of Amerindian and European ancestors depending on the geographical origin of the studied population, genetic profiles can fluctuate and could explain patterns of morbidity (22) . Therefore, we hypothesized that polymorphisms in candidate genes involved in the RAS system may contribute to MetS. So, we aimed to evaluate the effect of candidate gene polymorphisms of the RAS system -rs4043, rs699 and rs5186-on metabolic syndrome risk in a cohort of Chilean subjects.
SUBJECTS AND METHODS

Subjects
A sample of 152 individuals, both sexes, unrelated, aged 35-70 years, with a mean age of 50.5 ± 9.4 years, from La Araucanía region in Chile, were included in a crosssectional study. All participants answered a questionnaire to get the family history of cardiovascular disease (CVD), morbid personal history and drugs consumption, among other data. Blood pressure, waist circumference, weight and height were also determined. In addition, a blood sample was obtained by venipuncture for biochemical determinations of glucose, cholesterol, triglycerides concentration and molecular analysis. The study protocol was approved by the Ethics Committee of the Araucanía Sur Health Service, and all participants gave written informed consent.
The sample of patients of both genders were distributed in two groups based in the presence (n = 83) or absence (n = 69) of metabolic syndrome was studied. The comparative analysis between individuals with and without metabolic syndrome (MetS), its association with polymorphisms studied and the effect of MetS components was considered according to the ATPIII update criteria, with waist cutoffs validated for Chile (6) .
Biochemical and molecular determinations
Blood samples were obtained after 12 hours of fasting. Serum was analyzed to determinate the level of total cholesterol, triglyceride and glucose using enzymatic colorimetric methods. HDL-cholesterol concentration was determined after precipitation of LDL and VLDL with phosphotungstic acid and magnesium using the CHOD-PAP method. LDL cholesterol concentration was calculated using the Friedewald formula. All determinations were obtained using a semiautomatic photometer (Humalyzer 3000, Wiesbaden, Germany).
Genomic DNA was extracted from peripheral blood leucocytes using a method previously described by Salazar and cols. (23) . Integrity of genomic DNA was visualized by electrophoresis in 1.0% agarose gel. Three polymorphisms in genes of RAS were studied: rs5186 in angiotensin II type 1 receptor (AGTR1), rs699 in angiotensinogen (AGT) and rs4340 of angiotensin converter enzyme (ACE). The rs4340 polymorphism was determined using
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Statistical analysis
To analyze the data we used the GraphPad Software for Windows, v. 5.0 (La Jolla, CA, USA). Data are presented as mean ± SD. Differences between the means of continuous variables were evaluated by Student t-test or ANOVA. The p-values were adjusted for co-variables (age and gender) using logistic regression analysis (SNPStats, Spain). The allelic frequencies and genotype distribution were estimated by gene counting. Differences between non continuous variables, genotype distribution, allele frequency, and Hardy-Weinberg equilibrium were tested by Fisher's exact test or Chi-square test. Statistical significance was at p < 0.05.
RESULTS
Details of clinical data and biochemical results are presented in Table 1 . Significant higher values of blood pressure, weight, body mass index, obesity status, waist circumference, glycaemia and triglycerides, and lower levels of HDL-cholesterol were observed in MetS group. Subgroup analyses revealed only a significant difference in arterial blood pressure ( Table 2) . Table 3 presents the genotypic and allelic frequencies for the ACE, AGT and AGTR1 variants. Genotype distribution for the rs4340, rs699 and rs5186 polymorphisms did not differ between individuals with and without MetS in a crude analysis, however, after adjusting by age and gender we observed the DD genotype associated with MetS. Additionally, differences were observed in genotype and allelic distribution between women with and without MetS for the rs4340 polymorphism (Table 4) . In a gender comparison, we observed that men carriers of the rs5186 AA variant have a higher risk for MetS (Table 5 ). The interaction between genotypes and its relation with MetS was evaluated, although no differences were detected. 
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Considering the differences observed by gender in genotype distribution, a genotype influence analysis
Arch Endocrinol Metab. 
DISCUSSION
Conventionally, RAS polymorphisms have been associated to hypertension, a key MetS component. As described, the results of our study suggest RAS polymorphisms are associated with MetS and particularly to the development of some of its components; this is evidenced by the differences in waist circumference and HDL-cholesterol concentration. However, there is great variability in the results obtained by different researchers, which can be attributed to the ethnic and/
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or sociocultural origins of the populations studied, as for the characteristics of the study design (9, (11) (12) (13) 24) . Insulin resistance is a key component of metabolic syndrome, hypertension and type 2 diabetes mellitus, which is related to RAS performance. This link is evident from the favorable effect of different RAS pharmacological interventions with positive effects on this condition. The first observations related to this fact come from several clinical trials of the late 90s and 2000, in which it was observed that inhibition of the renin-angiotensin system using ACE inhibitors (ACEi) or angiotensin receptor 1 blockers blockers (ARB) had the ability to reduce the establishment of DM2 in individuals at high risk (25, 26) . After this, many studies have supported the benefits of RAS inhibition in the context of diabetes and cardiovascular disease. For instance, Zreikat and cols. in a cohort of 777 hypertensive patients with MetS observed that ACEi or ARB users would have a decreased risk of cardiovascular events, particularly coronary events (27) .
The mechanisms underlying this effect are diverse and complex due to RAS components are produced locally by multiple tissues and not only by the classical pathway system (3). In this context, the RAS plays a key role in the development of associated MetS alterations, since it is capable of inducing hypertension through its vasoconstrictor and sodium retention effect, adding an over activation effect of the Sympathetic Nervous System (SNS) in MetS individuals (28) , favoring the development of obesity by affecting satiety, energy expenditure, and growth and differentiation of adipocytes (29) , pancreatic islet damage, particularly in the beta cells of the pancreas by reducing their proliferation and stimulate apoptosis (30) , and decreasing the insulin secretion and sensitivity (31) . In the context of cellular metabolism, three mechanisms by which the RAS, would be altering glucose metabolism and promoting insulin resistance and consequently the development of MetS are described: (a) inhibition of the activation of the insulin receptor substrate-1 (IRS-1)/phosphatidylinositol 3-kinase (PI3K) pathway; (b) the inhibition of differentiation of preadipocytes, responsible for the production of inflammatory or diabetogenic cytokines; and (c) increase in ROS production, damaging pancreatic B cells and causing endothelial dysfunction (32) .
Because of the intricate and multifactorial characteristics underlying the development of MetS, is difficult to estimate the implications of genetic variants studied on the pathogenesis of MetS and its components from a viewpoint of associated biological mechanisms and not just in the context of the association. In particular, rs4340 polymorphism has been associated with higher levels of the enzyme in DD genotype when compared to the ID genotype, intermediate level, and genotype II, low level, thus showing its influence on the activity of the system based on the production of greater amounts of angiotensin II (33); rs699 would be associated with increased gene expression of the angiotensinogen gene, however, since the polymorphism causes a substitution of methionine for threonine at exon 2, its effect would not be exerted directly, but it would be a consequence of the unbalance linkage disequilibrium related to this variant, with others located in the promoter region of the gene (34); meanwhile, the rs5186 variant affects the level of AGTR-1 expression, due to the presence of the A allele allows miR-155 to downregulate the expression of the receptor, but not the C allele, which affects miR-155 complementarity, increasing its expression (35) . Bearing in mind this background, the analysis of the influence of these polymorphisms becomes more complex due to the difficulty of quantifying the magnitude of their impact on the system activity, for example, in 2002 the functional effect of genetic variants of AGT on its plasma levels was evaluated in healthy individuals, determining that none of the genotypes generated more than 5% variation, in particular rs699 -4.1% only in adults (± 41 years) and not in young (± 15) (36). Thus, given the biological effects of these variants, it would be expected that the combination of risk genotypes, in this case DD of ACE, CC of rs699 and CC of AGTR-1, confer greater likelihood of developing MetS, DM2, hypertension and cardiovascular disease. However, from our perspective it becomes clear that this is a difficult issue to quantify accurately due to gene-gene and gene-environment underlying interactions, contributing to variability of the results observed in association studies.
Another interesting aspect of our results is related to the observed differences in the magnitudes of the components of MetS, such as the genotypic and allelic frequencies, which were only evidenced when analyzing the variables by gender. This situation is not new, since in recent years gender-dependent associations have been described and also differences in the concentrations and activity levels in the different components of RAS. For example Reyes-Engel indicated that the DD genotype influences higher levels of Ang I in women versus men (37), while Bouwman and cols. described an
increased risk of weight gain in a period of 10 years for genotype II male carriers, which also contrasts the evidence supporting the role of increased risk associated with the D allele (38) . In the same way, hypertension, dyslipidemia and nonalcoholic fatty liver disease (NA-FLD), conditions related to MetS, also show a differential manifestation associated to gender (39) (40) (41) .
An important limitation for the results obtained in the present work is the restricted sample size. Hence, this study should be interpreted in the context of its design since the low number of patients enrolled may be introducing bias to the associations observed. Therefore, future studies encompassing a wider cohort are needed to corroborate, or rule out, the results obtained from this investigation.
In conclusion, the intricate interactions of RAS complicate to understand completely the biological mechanisms that underlie the associations described by various authors; however, our research identified that genetic variants studied actually have an influence on organic metabolism, which also influences the anthropometric and biochemical characteristics of the studied population and would be predisposing factors to cardiometabolic disorders with a strong gender component in the observed associations.
